We employed contact-mode scanning tunneling microscopy technique to perform systematic measurements of micrometer-sized Co/ Al 2 O 3 / Co magnetic tunnel junctions ͑MTJs͒. Magnetic multilayer was grown by means of magnetron sputtering, followed by patterning of MTJ on top of FeMn antiferromagnetic bias layer into an array of rectangular mesa structures by standard photolithography. The maximum of 12.5% tunneling magnetoresistance at room temperature was measured for up to 40ϫ 40 m 2 test MTJs.
INTRODUCTION
Tunneling magnetoresistance ͑TMR͒ effect continues to attract interest due to its potential importance for the information technology. The random access memory ͑RAM͒ based on the magnetic tunnel junctions ͑MTJs͒ has a potential to replace current complementary metal-oxide semiconductor ͑CMOS͒-based memories. 1, 2 The nonvolatility is one of the major advantages of the magnetic RAM ͑MRAM͒ in comparison with the state-of-the-art memories. MTJ development focuses on the TMR value increase as well as on the improvement of MTJ parameters spread along the wafer. One of the crucial research task is a MTJ miniaturization to achieve minimum possible cell size and, consequently, to achieve maximum memory storage capacity. Currently, it is relatively easy to pattern arrays of multilayer magnetic structures in micrometer and nanometer ranges employing electron-beam lithography. Systematic investigation of submicrometer-sized multilayer structures, however, is not straightforward due to the device edge isolation and problems with upper electrode contacting. Recently, TMR response from samples down to 50ϫ 50 nm 2 was detected using atomic force microscope. 3, 4 In the present work, we demonstrate the scanning tunneling microscopy ͑STM͒ technique operating in both tunneling and contact modes employed for characterization of arrays of micrometer size MTJ in magnetic field up to 0.3 T. This technique is, in principle, capable of device characterization in nanometer range.
EXPERIMENT AND RESULTS
In the present work, a Ta͑5n m ͒ / NiFe͑3n m ͒ / Cu͑20 nm͒ / NiFe͑3n m ͒ / FeMn͑20 nm͒ /Co͑3n m ͒ /Al 2 O 3 ͑1.3 nm͒ /Co͑10 nm͒ /Au͑5n m ͒ multilayer was grown on top of Si substrate covered with 1000 nm of SiO 2 ͑Fig. 1͒.
Arrays of MTJ were defined by standard photolithography following by Ar ion-beam etching. The test arrays contained 40ϫ 40 m 2 in size MTJ devices. The resistance and TMR value were collected from measurements on 51 junctions. In the initial measurements, relatively large area of test devices was chosen for the sake of simpler fabrication and straightforward testing. Figure 2 shows a setup schematics customized for MTJ measurements in contact-mode STM. All parts of STM were built from nonmagnetic materials. In order to prevent a saturation of preamplifier due to high current in contact mode, a new preamplifier was included into the setup, as shown in Fig. 2 . A quality of Pt-Ir tip can be controlled in standard noncontact mode by a surface topography scanning. The noncontact mode can be switched to the contact mode by disconnecting a feedback loop; it prevents the tip withdrawal a͒ Author to whom correspondence should be addressed; FAX: ϩ372 620 3196; electronic mail: vitali.podgurski@ttu.ee from the sample during measurement. Entire setup was placed in a magnetic coil capable of generating a static external magnetic field up to 0.3 T in plane of the surface of the sample and was controlled by a computer. All measurements were performed at room temperature in the air and the whole system was fixed on top of the vibration isolation table. Figure 3 shows microscope image of the MTJ array containing 40ϫ 40 m 2 structures. The device separation was ϳ5 m. Figure 4͑a͒ shows a TMR curve of single 40 ϫ 40 m 2 junction measured by STM in contact mode. Because of the antiferromagnetic coupling between FeMn and Co, the devices are exchange biased; hence a shift of the TMR curve along the magnetic field axis can be observed. A stability of the contact-mode STM measurement is good: The TMR curves practically do not differ after several sweeps of magnetic field, see Fig. 4͑a͒ . In addition, a shape of the curves resembles in details the one obtained from four-point contact measurements, see 
